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METHOD FOR MANAGING MULTIPLE FAILURES OF DIFFERENT TYPE IN 
RING-SHAPED TELECOMMUNICATIONS NETWORKS 

INCORPORATION BY REFERENCE OF PRIORITY DOCUMENT 

This application is based on, and claims the benefit of, Italian Patent Application No. 
MI2001A000381 filed on February 26, 2001, which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

1. Field Of The Invention 

The present invention relates to the field of the telecommunications ring networks and 
in particular concerns networks with a four-fiber ring topology whose traffic is protected by a 
distributed mechanism of an MS-SPRING type. Still more in particular it concerns a way to 
manage possible scenarios of multiple failures of different type in such networks. 

2. Description Of The Prior Art 

In the field of telecommunications, fiber-optic networks with ring topology are 
known, the networks comprising a number of nodes or network elements connected with each 
other by fiber spans so as to form a ring. The traffic in such networks is carried over so-called 
paths, i.e. circuits connecting two or more network elements of the ring. 

Mechanisms for traffic protection in such networks are also known. Among these, one 
kind of distributed mechanism called MS-SPRING (Multiplexed Section - Shared Protection 
Ring) is well known. 
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In the transoceanic SDH communications networks with a four-fiber ring topology 
wherein the protection is of an MS-SPRING type, the available band is subdivided into two 
parts: the high-priority channels (to be protected in the event of failure in the ring) and the 
low-priority channels (which are unprotected and, in the event of a failure, are squelced). 
Along the direction of transmission, two adjacent nodes are interconnected by four fibers 
(two in one direction and two in the opposite direction); the high-priority channels (denoted 
by HP) occupy, in the absence of failures, the working fiber, while the low-priority channels 
(LP) occupy the protection fiber, until the latter is required to perform protection in the ring. 

In such networks, a span failure is referred to as the break (or the degrade) of one or 
both working fibers connecting two nodes, or the break of one or both protection fibers; in 
the first case (working fibers affected by the break) the span protection contemplates that all 
the HP traffic be restored by re-routing it over the protection fiber of the same span. Instead, 
a ring failure is referred to as the break (or the degrade) of both working and protection fibers 
between two adjacent nodes. In this case a ring protection is contemplated which provides for 
re-routing the HP traffic, that would be lost because of the break, in a direction opposite to 
the failure by utilizing the LP channels. 

The problem common to all the protection mechanisms consists in protecting and 
saving the largest possible amount of HP traffic. 

The ring topology provides that, in the event of a single failure, all the high-priority 
traffic is restored. However, the situation becomes critical when a plurality of failures are 
present in the ring: in order to maximize the protected traffic, every node should be able to 
signal all the local failures and commands so as to notify its requests to the entire ring. 

The ring network protection management is standardized by the international 
organizations ITU (ITU-T Recommendation G. 841 Annex A) and ETSI. In both 
specifications, the protection protocol is based on a pair of bytes Kl, K2 of the SDH (or 
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SONET) frame, in particular of its MSOH section. Byte Kl is coded (in the following 
manner: its first four bits carry request codes while the next four bits carry the destination 
node identifications (ID) for the request code indicated in the first four bits. The functions of 
the byte K2 are as follows: the first four bits carry source node identifications, the last three 
bits define the state while the fifth bit represents a path length code (0 = short path, 1 = long 
path). 

Inserted in the field of the request is the failure or command code, for which a 
coordinated action of the ring nodes is needed. 

In the case of ring protection, all the nodes intervene directly, thus allowing the 
signalling to pass through the entire ring and possibly performing some actions on the traffic. 
A necessary condition for the ring protection to be managed is that the signalling reaches all 
the nodes (signalling on the long path) that will all get into a pass-through state (except the 
terminal node that will be in the Bridge & Switch state). 

Instead, in the case of span protections it is not required that signalling reach all 
nodes: the only ones involved in the protection, are those adjacent to the span affected by the 
span failure. In this instance it is said that the span protection is managed through signalling 
over the short path. The status code synchronizes the actions to be taken so as to avoid 
misconnections on the paths. 

The ITU-T Recommendation G. 841 contemplates that several span requests or 
several ring requests, but not both ring and span requests together, be served at the same time 
on the ring; in such a circumstance the traffic passing through the span affected by a span 
failure is protected but not the one passing through the span affected by the ring failure. 

Moreover, some commands exist which are not signalled through the K-bytes to the 
other nodes, but they remain local; yet others (LP all span), even if not signalled, are 
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requested to have global effect: they do not circulate on the K-bytes and therefore they have 
to be individually given to each node through management center. 

SUMMARY OF THE INVENTION 

In view of the drawbacks and deficiencies of the known and standardized solutions, as 
described above, the main object of the present invention is to provide a method for 
managing multiple failures of different type (ring and span) in transoceanic 
telecommunications networks with a ring topology. 

This and further objects are achieved by a method having the features set forth in the 
independent claims 1 or 5, by a frame structure in accordance with claim 10 and by a network 
element in accordance with claim 13. Further advantageous characteristics are set forth in the 
dependent claims. 

The basic idea of the present invention consist in providing for a further signalling for 
the protection, using a second pair of bytes Kl and K2, picked from not yet used bytes, in the 
SDH (or SONET) frame. In this way there is the possibility of dedicating a pair to the span 
signallings and the second one to the ring signallings. In this way it is possible to manage 
several span requests (also with different priority) and ring requests at the same time. 

The invention will certainly result in being clear from the following detailed 
description, given merely by way of example and not of limitation, to be read with reference 
to the annexed figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 



In the drawings: 
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Fig. 1 shows a telecommunications network with a four-fiber ring topology 
that is not affected by any failure; 

Fig. 2 shows the same network of Fig. 1 affected by a ring failure and by a 
span failure at the same time; 

Fig. 3 shows the same network of Fig. 2 also affected by a fiber degrade; 

Fig. 4 shows the same network of Fig. 2 but affected by two different failures; 

and 

Fig. 5 shows the network of Fig. 2 in which the failures are managed through 
the method of the present invention. 



BEST MODE FOR CARRYING OUT THE INVENTION 



Before providing a detailed description of the present invention, it is deemed useful to 
point out that it is well applicable to every kind of synchronous transmission, typically SDH 
and SONET. However, for clarity, it has been preferred to make reference to SDH 
environment only. Hence, any reference made, in this description and in the claims, to SDH 
synchronous transmissions is to be intended as including also the SONET transmissions, 
unless it is specifically indicated otherwise. 

Fig. 1 shows a ring network with a plurality of nodes (A, B, . . ., G) connected through 
four-fiber spans schematically represented by arrows: a pair of arrows representing the 
working channels (HP) and the other pair representing the protection channels (LP). At least 
one protected path for carrying information from one node to another is installed in the ring. 
For clarity reasons, only one path between D and F (terminating nodes) passing through 
intermediate nodes C, B, A and G is illustrated. 
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With reference to Fig. 2 (where the path is no longer indicated for clarity), a span 
failure (SF-S, Signal Fail-Span) in a span (C-D) is managed by simply passing the traffic over 
the corresponding protection fiber (LP). Analogously, a ring failure (SF-R, Signal Fail-Ring) 
in a span (G-F) is handled by utilizing the unaffected ring portion, i.e. the one where node E 
is an intermediate node. 

Since in the protocol of ITU-T G. 841 the coexistence of ring and span protections is 
not contemplated, as the nodes affected by the span protection have to propagate only span 
requests and can not send ring requests, it will not be possible to save the path in the case 
where it is affected by two failures of different type (ring and span). 

In the same scenario (Fig. 3) the presence of a span degrade (SD-S, Signal Degrade- 
Span) is not signalled as it has lower priority than the ring signalling (which anyway is not 
served). 

It may happen that a node, for instance node C of Fig. 4, being substantially isolated 
as affected by a span failure, from one side and a ring one from the other side, can not 
communicate to the ring the whole situation of its alarms. 

Those described above with reference to Figs. 2 to 4 are only some of the situations in 
which the actual specification does not allow the maximization of the HP traffic restoration. 

Starting from the consideration that anyway the four bits of the field "request" for 
byte Kl allow the coding of sixteen different requests (for commands or alarms) only, it has 
been concluded that there is a need to increase the number of bits available for the 
signallings. In this way it would be possible to communicate through K-bytes also those 
commands that must be known to all nodes of the ring (see "LP all span"). 

The basic idea of the present invention consists in providing for an additional 
signalling for the protection, using a second pair of bytes Kl and K2, picked from not yet 
used bytes, in the SDH (or SONET) frame. In this way there is the possibility of dedicating a 
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pair to the span signallings and the second one to the ring signallings. In this way it is 
possible to manage several span requests (also with different priority) and ring requests at the 
same time. 

As shown in the drawing of Fig. 5, in accordance with the invention, each node 
handles in reception and in transmission, two pairs of bytes Kl and K2 for each side; the first 
pair is destined to a first type of signalling, for instance the span signalling, and the second 
pair to a second type of signalling, for instance the ring signalling. Each node analyzes its 
requests and decides among these the span request having higher priority and the ring request 
having higher priority. 

Advantageously, the codings of bytes Kl and K2 remain those indicated above and 
standardized: in this way the additional processing complexity is reduced as compared with 
the conventional mechanisms. 

In practice the protection protocol is divided into two levels, each of which is formally 
independent of the other as far as the signallings are concerned; for each of them the 
protection is performed according to the standard rules, i.e. the span protection keeps on 
being established on the short path while the ring protection is managed on the long path. It is 
each node that shall have to integrate the span information with the ring one in order to 
correctly execute the actions on the traffic: in fact it shall have to execute those actions 
dictated by the prioritized request between span and ring and then evaluate whether 
operations dictated by the less-priority request are feasible. In such a way the maximum 
protection on the high-priority traffic is provided. 

As shown in Fig. 5, the idea of double signalling allows the management of ring and 
span protections at the same time (which is not allowed at present by the Recommendations). 
Although maintaining the priority already provided for, it would be possible to complete, in 
fact, the ring signalling and then protect some of the paths passing through the ring failure. 
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Still referring to Fig. 5, not only the ring protection could be performed, but also the span 
degrade would be signalled. 

According to the priority of the various signallings, the path of Fig. 1 could also be 
protected and saved in the event of a ring failure between G and F, of a span failure between 
C and D and of degrade between E and F. 

Moreover, it would be possible to communicate some commands that at the moment 
are local (LP all span) and therefore notify to the entire ring the complete situation of each 
node. 

The idea of doubling the signalling pair implies a more complex management of the 
traffic by each node; in fact, the consequent actions (AIS insertion, Bridge & Switch actions) 
must be taken by integrating the information of the two pairs of K-bytes and establishing on 
the ground of them which are the paths to be protected and which, instead, cannot be 
protected. 

The additional signalling bytes (Kl' and K2') can be taken from the OverHead part of 
the (SDH or SONET) frame. In principle any two bytes of the frame, that are not yet reserved 
for other purposes, i.e. those defined "for national use" in IUT-T G. 841, can be utilized. 

Finally, the method of the invention allows for the management of multiple failure 
situations of different type in transoceanic telecommunications networks with a ring topology 
in which signals are transmitted organized as frames of bytes and in which the transmitted 
frames comprise a pair of bytes (Kl, K2) for the signalling of events (failures or commands). 
The method is characterized by providing, in the transmitted frames, at least one additional 
pair of bytes (Kl \ K2'), the first pair of bytes (Kl, K2) being used for signalling events of a 
first type whereas the at least one additional pair of bytes (Kl', K2') being used for signalling 
events of a second type. The first type of events indifferently comprises span events (SF-S, 
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SD-S) or ring ones (SF-R, SD-R); correspondingly, the second type of events comprises ring 
events (SF-R, SD-R) or span ones (SF-S, SD-S). 

The very MS-SPRING management method mentioned above can be defined in terms 
of actions performed by the nodes or network elements. The method thus defined comprises 
the step of receiving signal frames comprising first signalling bytes (Kl, K2) and is 
characterized by the step of receiving at least one additional pair of signalling bytes (Kl\ 
K2'), the first pair of bytes (Kl, K2) being used for signalling events of a first type where the 
at least one additional pair of signalling bytes (Kl ', K2') being used for signalling events of a 
second type. The method comprises the additional step of processing the information carried 
by the first pair of bytes (Kl, K2) and by the at least one additional pair of bytes (Kl', K2') 
to perform actions (Bridge & Switch or Pass-through) designed to save as much traffic as 
possible in case of multiple events of different type. Such actions are based on the prioritized 
request between span and ring and comprise the step of evaluating whether operations on the 
paths dictated by the less-priority request are feasible. In this way the maximum protection on 
the high-priority traffic is assured. 

The scope of the present invention naturally extends also to a telecommunications 
frame structure which comprises a first pair of bytes (Kl, K2) used for the event signalling, 
characterized by comprising at least one additional pair of bytes (Kl', K2') used for event 
signalling, the first pair of bytes (Kl, K2) being used for signalling events of a first type 
whereas the at lest one additional pair of bytes (K1' 5 K2') being used for signalling events of 
a second type. 

Lastly, the scope of the present invention also extends to a node or network element 
able to process telecommunication frames of the above type and capable of performing the 
steps of the method. 
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The method of the invention can be implemented both by hardware and by software 
and therefore the scope of the invention also extends to a software program able to carry out 
the method and to a storage medium on which the software program is stored. 

Although the present invention has been described with reference to the situation of 
ring networks affected by multiple failures for clarity reasons, it is apparent that the term 
"failure" is to be intended as comprising faults proper on the fiber, in network elements or in 
components thereof, but also signal degrades or operator commands that can be defined on 
the whole as "events". Hence "span events" comprise: SFJS, SDJS, SF_P, SDJ? and 
commands (EXER_S, MSJS, FS_S, LP_S, LP_S ALL, LW_S); "ring events" comprise: 
SF_R, SD_R and commands (EXER_R, MSJR, FS Jt and LW_R). 

For the meaning of abbreviations and terms as used in this description and in the 
drawings, reference should be made to the aforesaid ITU-T Recommendation G. 841. 

There have thus been shown and described a novel method, a novel frame structure 
and a novel network element which fulfill all the objects and advantages sought therefor. 
Many changes, modifications, variations and other uses and applications of the subject 
invention will, however, become apparent to those skilled in the art after considering the 
specification and the accompanying drawings which disclose preferred embodiments thereof. 
All such changes, modifications, variations and other uses and applications which do not 
depart from the spirit and scope of the invention are deemed to be covered by the invention 
which is limited only by the claims which follow. 
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